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Expanded Assembly Lines Increase 








CURVACORE Transformer Production 


T Is NOW EASIER to obtain Curvacore distribution trans- 

formers. Production facilities are expanded. You'll be 

able to take advantage of the inherent benefits of Curvacore 
transformers sooner. 

Curvacore transformer design improvements give more 
performance for your distribution dollar. Cold rolled oriented 
steel strips have high flux carrying capacity and low hysteresis 
loss. The core steel is wound, shaped, annealed and cut into 
two turn lengths. Then each length is fed through the coil 
structure so that it retains its original core shape. 


You benefit from these improvements: 

1. 50% lower exciting current 

2. Better ratio of losses 

3. Improved short time thermal capacity 
. Size and weight reduced 15% 
5. Regulation improved up to 15% 


RN 


This wound core design provides a more efficient path for 
the magnetic flux, resulting in low exciting current. The 
Curvacore transformer has better thermal performance, too! 
Increased cooling area within the adhe reduces the 
copper-to-oil temperature gradient, improves regulation and 
adds years to service life. Weight is reduced, making the 
Curvacore transformer compact, easy to handle and to install. 


Curvacore is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 





Former Advantages Retained 

In addition to Curvacore transformer design you still get 
Spra-Bonderized tanks with 3-coat baked-on finish of alkyd- 
resinous paint; simplified high voltage angle bushings with 
handy chuck type connectors; sturdy tank construction ; high 
quality craftsmanship throughout. 

For more information about the Curvacore transformer, 
contact your local Allis-Chalmers district office or write 
Allis-Chalmers, Milwaukee 1, Wisconsin. A-3366 








Typical core and coil assembly shown 
above. Present ratings of Curvacore 
transformers are 25 kva and below. 
Others will be available shortly. 
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THIS “SHOW WINDOW” installation 
controls for four 5,000-kw gen- 
n a hydro-electric utility in the 

Companion 15-kv air blast 
chgear is installed below the con- 


ontains 





° room 
Duplex switchboards provide conven- 
entralized control of complex elec- 
networks in industrial and utility 
s. Frequently used control switches 
‘ nstruments mounted on the front 
sanel simplify instrument reading. Pro- 
ctive relays, watthour meters and other 
frequently used instruments are 
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nounted on the rear panel. Door at 
d provides safe, easy access for 
n and maintenance of instru- 


ment wiring 
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from ingot to the various semi-finished products in a single | 


















































































































































































































* 
by C. H. LEGLER heat. It has sufficient flexibility to roll several products simul- 
Motor-Generator Section taneously and to change from one product to another with 
Allis-Chalmers Mfg. Co. minimum delay. In addition to supplying round billets for 
the new continuous seamless pipe mill, the mill also supplies 
round or square blooms, skelp slabs and billets for other fin- i 
Progressive, co-operative engineering adds ishing mills. | 
th Cf Pe ee et Ee The blooming mill shown at the left in Figure 1! normally 
aaeener = allies at progress. reduces a 3214-inch by 32-inch ingot to a 15-inch by 
15-inch bloom and occasionally to a 9-inch by 8-inch bar. 
“NHE WORLD'S FIRST CONTINUOUS seamless Blooms are cropped, cut to length and then either delivered to 
pipe mill recently placed in operation by National the bar mill or transferred by transfer car and track to storage. ‘ 
Tube Company at Lorain, Ohio, reflects the latest Bars are transferred to a parallel mill line, by-passing the bar . 
developments in the design and arrangement of equipment mill, for delivery to the six-stand billet mill. I 
for blooming, bar and billet mills. Producing about 18,000 } 
tons of two- to four-inch diameter pipe per month, the pipe Mills perform double duty b 
mill's substantially Constant tonnage of approximately 14 tons The bar mill is a two high reversing mill, very similar to the 
per hour is maintained regardless of, the length, diameter Of blooming mill but of smaller proportions, with rolls measuring 
thickness of the finished product. Requiring only one size 40 inches in diameter and 96 inches in length. Normally, it 
billet diameter to produce the variety of finished products, the reduces the 15-inch by 15-inch blooms received from the 
mill is capable of delivering two-inch pipe in 142-foot lengths blooming mill to 9-inch by 8-inch bars which are delivered 
at a maximum speed of 1300 feet per minute. by transfer to the six-stand billet mill line. Other products 
Billets for the new pipe mill is supplied by one of the most _ of varying sizes, both round and square, are delivered directly 
modern blooming, bar and billet mills in the world. Dia- to storage for supplying other finishing mill equipment. In 
grammed in Figure 1, the mill was engineered to roll stock emergencies the bar mill can substitute for the blooming 
* Ed. Note: Material was coordinated by Mr. Legler. His description of moto mill and roll directly from the ingot just as the blooming mill 
generator details are inserted at various points throughout the article to present ———— 
a logical “flow” of power. Illustrations courtesy of National Tube Company, Pittsburgh, Pa. 
é Bsi'-6 270-1 
. oe i” | 
e __ 206 -2 | 149 - 102 ae 2 
E = ~ + 4 * | ~ fo 3 > 
z | 
3 CRop OPERATORS Motor Room 
¥! CAR Puceiy — HP MoTOR 
é ia ll ---$--— fT * # + 
++++ il <i 
SS i 
{| J Zeus" |] re 
200 Bioom | BAR Mict | % 
Beaty 3E — a oe - 
| AME D a +t 
— i — + ne 75 vii Searrer 
£ SS 
| | TRANSFER 
—___—,——— |} -t— 4 t i A. +f 
u ‘ 
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COORDINATED DESIGN of the new blooming, bar and billet mill make it proceeds through the bar mill, the six-stand billet mill to the four-stand 
one of the most versatile installations of its kind in the world. Four mill billet mill (right). Varying products of individual mills converge to finishing 
unit can roll many sizes of blooms, billets, rounds and skelp slabs with facilities designed to operate independently or in any combination. 
minimum roll changes. Rolling starts with the blooming mill (left) and Diagram shows schematic layout of the installation. (FIGURE 1) 
4 Allis-Chalmers Electrical Review * First Quarter, 1951 Al 





the products normally rolled on 
bar mill is by-passed in deliver- 


Figure 2 shows a view from 
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mill. 





he 9-inch by 8-inch bar received 
sometimes from the blooming 
und versatile six-stand billet mill. 
wrizontal stanas rest on 10-foot 
fifth stands are vertical and are 
same reduction with the same 
stands two, four, and six. The vertical 
nch rolls while 28-inch by 48-inch 
ntal stands. The two rolls of each 
give a wide variety of semi-finished 
illets, tube rounds, and skelp slabs 
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finish rolling in other mills or 
parallel line for further reduction in 
\ view from the delivery side of the 

n Figure 5. 
is essentially of the same con- 
with number ‘one and three 
Rolls in all stands 
i measure 36 inches in Jength. 
by 4-inch or 414-inch by 44-inch 
and reduce them to tube rounds 
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in hot scarfer and subsequent cutting to 
required, output from this mill 
lis or direct to billet mills for further reduction. (FIGURE 
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ranging from 34-inch to 334-inch diameter or 21-inch by 
24-inch billets, with other sizes possible. When the billet 
emerges from the four-stand mill, it has been reduced from 
the 3214-inch by 32)4-inch ingot to these sizes without re- 
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heating between any of the intermediate stages of rolling, 
resulting in high production rates and low rolling costs. 
Electrical equipment for the mill consists of main drive 
motors and control with their supporting motor-generator sets 
supplied through 13,800-volt indoor metal-clad switchgear. 
Auxiliary power is supplied through outdoor distribution trans- 
formers supplying 2300-and 440-volt ac from the 13,800-volt 
system. Also fed from the 13,800-volt bus in the main switch- 


SIX-STAND BILLET MILL combines features of hot strip mills with new AM. , “ z 250. 
features applied to bar and billet mills. Adjustable vertical stands permit Seat ase cwo mercury arc rectifier units supplying 250 volt 
quick change of rolling schedule with a common roll set-up. (FIGURE 3) dc mill supply. With the exception of the four-stand mill 


motors, the indoor equipment is housed in a common motor 
room which is ventilated with clean air under pressure. 


The outdoor transformers are in. bays just outside the motor 
room as illustrated in Figure 4 showing two 3000-kva, 
13,800/2300-volt and two 2000-kva, 13,800/480-volt trans- 
formers. Another 3000-kva transformer is mounted in an- 
other bay. These standard oil-insulated, self-cooled, 55-degree C 
rise, three-phase, 60-cycle transformers, are equipped with 
2'4-percent taps above and 24-percent taps below normal in 
the high voltage winding. Power is received through the 
13,800-volt indoor switchgear through cable terminating in 
junction boxes on the sides of the transformers. Low voltage 
terminals are throat-connected to their respective indoor 
switchgear through metal enclosed bus ducts. An outdoor 

AUXILIARY AC POWER for mill is supplied by two 3,000-kva and two substation supplies primary power to the mill and steps down 


2,000-kva transformers installed in an outd bay just outside the motor te a 
room and connected to 13,800-, 2300- and 480-volt switchgear. (FIGURE 4) purchased 60-cycle power from 138,000 volts to 13,800 volts. 











PROTECTIVE METERING 
DESIGNATIONS RELAYS EQUIPMENT 
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1A Future 

1 15,000-KVA Feeder 

2 Incom. Line No. 1 

2A Metering Pot. Trf. 

3 Incom. Line No. 2 

4 incom. Line No. 3 

4A Totalizing Metering 

5 6,000-hp Ind. Motor 
5A Dynam. Braking 
5B6 Dynam. Braking 

6A Dynam. Braking 

6 5,000-hp Ind. Motor 
a 1500-KW Rectif. No. 1 
7A Aux. Power Trf. 

8 1500-KW Reciif. No. 2 
8A Aux. Power Trf. 

9 3,000-KVA Trf. No. 1 
10 3,000-KVA Trf. No. 2 
11 3,000-KVA Trf. No. 3 
12 
13 2,000-KVA Trf. No. 1 
ed ee — At tt — te 14 2,000-KVA Trf. No. 2 

15A Starting Brk. /11,200-hp 

15 Running Brk. \ Syn. Moto: 
pes so A A> 15B16 | Field Application Equip. 
16A Starting Brk. }5600-hp : , 
16 Running Brk. {Syn. Motor] XX X x XX Xx xX 
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X Mounted on panel of corresponding unit. A Trips all outgoing feeder breakers. 
O Trips all incoming and outgoing feeder breakers. 


SINGLE LINE DIAGRAM shows the schematic layout of the 13.8-kv, IMPORTANT PRIMARY relays for protecting the 13.8-kv switchgear 
metal-clad switchgear which controls the incoming 13,800-volt power. are listed in this table. Recording and indicating meters were selected 
Starting reactors are in the basement below the unit. (FIGURE 5a) to provide all necessary operating data conveniently. (FIGURE 5b) 





protects power s# 





INCE THE BAR and billet mill supplies the raw mate- 
rial for the new continuous seamless pipe mill, con- 
tinuity of service is imperative. 
des all the protective equipment necess 
ty and dependability. To accommodate future varia- 
1 requirements, provision for the addition of matching 
the relocation of feeder units is included in the 


Switchgear lineup 
y to assure maxi- 


resent nineteen 500-mva interrupting capacity 13.8-kv 
air blast circuit breakers are included in the indoor 
cal lift switchgear lineup which feeds power to the mill 
und to the 13.8/480-volt and 13.8-kv/230-volt distribu- 
The schematic layout of the switchgear is 


BAR MILL MOTORS and motor-generator set for the 36-inch mill are 
480-volt 


pre 


METAL-CLAD SWITCHGEAR with air blast circuit breakers capable of 
interrupting 500,000-kva control the incoming power and distribute power 
for the motor-generator sets and rectifier transformers. (FIGURE 6) 
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protected by a 13-unit, 2300-volt metal-clad switchgear. The 
lineup at left is used for lighting and auxiliary purposes. (FIGURE 7) 
UNIT PROTECTIVE METERING 
NO. DESIGNATIONS RELAYS EQUIPMENT 
° 5 
SS | SEs 
2 -s Es E 
= © $ Eo 
es 2: es 3 tsa 
S§32 8] .>s8cz 
Of55¢¢| sesszt 
~S6e25 s35207% 
Seis el] se25522 
669425) $s2223% 
£es2$2]'sssses 
eEfeEL6| <atFsFce 
1wW 250-hp Ind. Mot. M-G Set XXEKEZ Za Xx 
2w 900-hp Syn. Mot. F & B Tables | X XXX XX] X xXx 
3W 900-hp Syn. Mot. F & B Tables | X XX XXX] X xX 
4wW 900-hp Syn. Bloom Shear XXXXXX]X xX 
5W Incom. Line 3,000-KVA_Trf. xz aan. x xX 
6w Bus Tie x x 
1c Bus Tie x x 
2c 900-hp Syn. Mot. F & B Tables | X XX XXX] X xX 
3c 900-hp Syn. Mot. F & B Tables | X XX XXX] X xX 
4c 200-hp Syn. Mot. Bar Mill XXXXX x x X 
, Peeler M-G Set Starter XXXXX XX XX 
6C 300-hp Ind. Mot. Div. Saw. XXXXX x xX X 
7c 300-hp Syn. Mot. M-G Set XXXXX x xX X 
8c 200-hp Syn. Mot. M-G Set XENUEX xX xX 
9C Incom. Line 3,000-KVA Trf. xx Aj X X xX xX 
10C Bus Tie 
3E Saw Feeder xX x xX 
4E Saw Feeder xX X xX 
2E Incom. Line 3,000-KVA Trf. xX X A x XX 





SCHEMATIC LAYOUT shows the lineup of the 2.3-kv switchgear 
which is connected to four transformers totalling 10,000-kva. 
These supply general purpose ac power for the mill. (FIGURE 8a) 





A Differential relays mounted on 13.8-kv switchgear. 


TABLE SUMMARY indicates all the protective relays and impor- 


tant metering equipment for the 2300-volt switchgear. 
nents are arranged for easy use and accessibility. (FIGURE 8b) 


Compo- 

















shown in Figure 5a, while Figure 5b shows the metering and 
relaying equipment. The 26-unit switchgear lineup is shown 
in Figure 6. 

The starting reactors for the 5600-hp and 11,200-hp syn- 
chronous motors are located in the basement below the main 
switchgear and are connected by a metal enclosed bus. Surge 
protective equipment for motors is also mounted in the base- 
ment. 

The 2.3-kv switchgear consists of two groups of units. The 
13-unit group in Figure 7 has thirteen 150-mva interrupting 
capacity 1200-amp air magnetic circuit breakers while the 
other group which is not shown has six circuit breakers of the 
same type. The diagram, Figure 8a, and the table, Figure 8b, 
show the electrical arrangement of the equipment. 

The 480-volt switchgear equipment is also shown on 
Figure 7. Its construction and appearance match that of the 
2.3-kv switchgear equipment. The draw out circuit breakers 
in the low voltage lineup provide the necessary safety and 
easy accessibility. 


Continuous excitation rectifiers 
give high conversion efficiency 
under varying load conditions 





r “4HE 250-VOLT DC POWER for the auxiliaries of 
the No. 4 blooming mill is provided by two 1500-kw, 
heavy-duty, pump-evacuated excitron mercury arc 

rectifiers located in the center of the main motor room. 


Each rectifier unit is designed to carry 100 percent rated 
current (6000 amp) continuously, 125 percent rated current 
(7500 amp) for two hours following 100 percent load, and 
200 percent rated current (12,000 amp) for one minute fol- 
lowing 100 percent load. Each unit consists of a 13.8-kv air 
circuit breaker unit, a rectifier main transformer, a six-pole 
anode breaker, a twelve-tube rectifier assembly, a rectifier con- 
trol cubicle and dc switchgear. 


STANDARD OJL-FILLED, self-cooled transformers in a semi-enclosed out- 
bay step down 13.8-kv line voltage for the 1500-kw mercury arc recti- 
Primaries are cable connected to the ac switchgear. (FIGURE 9) 

















The 13.8-kv vertical lift, drawout air blast circuit breaker 
forms part of the main 13.8-kv switchgear lineup previously 
described and illustrated in Figure 5. 

High tension power from this switchgear unit is carried by 
cable to the two oil-insulated, self-cooled, outdoor rectifier 
transformers which are mounted on wheels and located on 
the north wall of the motor room in a semi-open transformer 
vault. The primary or ac windings are delta connected and 
provided with two plus and four minus 214 percent no-load 
taps. The secondary or dc windings are connected six-phase 

double wye) with an interphase transformer, with the six 
phases and neutral being brought out on the side of the trans- 
former through a throat. A metal-clad cable duct connects 
each transformer throat to the motor room wall. 


The rectifier transformers are designed for 60-degree C 
temperature rise when carrying 125 percent rated load for 
two hours following continuous operation at 100 percent 
rated load. Figure 9 shows a view of the two rectifier trans- 


rormers. 


Equipment is centrally located 

Figure 10 shows a view of the motor-room ‘with the rectifier 
equipment in the background. The six-pole anode breakers 
shown in Figure 11 are located at the left and adjacent to the 
outside wall, through which the anode cables enter from above. 
These high speed motor-operated, frame mounted breakers are 
provided with reverse current trip and individual pole auto- 
matic reclosing. 

Six anode reactors are located in the lower part of each 
anode breaker frame. Pairs of rectifier tanks, connected to a 
common transformer phase, are paralleled through these re- 
actors. Power is carried from the reactors by cables through 
the basement of the motor room into the rectifier frames. 


Each rectifier frame contains 12 excitron tubes arranged 
in two groups, each two tubes wide and three tubes deep, with 
the evacuating equipment located between the two six-tube 
groups. The end facing the anode breakers carries a hori- 
zontally mounted, water-to-water heat exchanger, a motor- 
driven water circulating pump, immersion heaters, automatic 
temperature control and protection, forming a closed recircu- 
lating cooling system. 

The control and protective circuits of the rectifier frame are 
carried to a terminal board at the right-hand end of each frame 
from where they are taken through an insulated throat into the 
control cubicle. Contained on the two front doors of the 
cubicle are the dc, phase control and vacuum indicating in- 
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FREQUENT PEAK LOADS of the fast reversing bar mill motor are absorbed 
by the supporting m-g set flywheel (front). 
and switchgear (rear) supply de for the mill. 


Rectifiers with their control 
(FIGURE 10) 
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factory assembled and wired unit for easy installation. 


struments, alarm annunciator, automatic voltage regulating 
and current limiting apparatus, control switches for ac and dc 
switchgear. The excitation supply selenium rectifiers, excita- 
tion control and protective apparatus for all rectifier auxiliaries 
are located inside the cubicle. 

The dc switchgear, built in a continuous assembly and con- 
taining rectifier cathode breakers, tie and feeder breakers, is 
installed on the other side of the operating aisle opposite the 
rectifier cubicles. This switchgear, shown in Figure 12, is of 
the heavy duty, semi-high speed, single-pole, metal-enclosed, 
stationary type with disconnecting switches in both the posi- 
tive and negative of each circuit. 


Viewed from right to left, the arrangement of the compart- 
ments in this breaker board for this particular installation is: 
I—DC bus tie, 8000 amp negative disconnecting switch 

|—DC bus tie, 8000 amp positive breaker with disconnect- 
ing switch 
—DC feeders, each 2000 amp with positive and negative 
disconnecting switches 
|—No. 1 rectifier cathode breaker, 8000 amp with positive 
and negative disconnecting switch 
S—DC feeders, each 2000 amp with positive and negative 
disconnecting switch 
-No. 2 rectifier cathode breaker, 8000 amp with positive 
and negative disconnecting switch 
3—DC feeders, each 2000 amp with positive and negative 
disconnecting switch 
The ac auxiliary power for each rectifier unit is supplied 
from a 25-kva, 13,800/230-volt, three-phase, 60-cycle trans- 
former located in the 13.8-kv switchgear structure with the 
necessary primary and secondary protective devices. 
The dc breakers are closed and tripped from the 125-volt 
station battery. 
The anode breakers are closed: by dc motor and the reverse 
current trip devices also utilize battery power for polarization. 


Semi-automatic operation of equipment 
Each rectifier unit is started by closing the 13.8-kv ac breaker 
by a control switch on the rectifier control cubicle. The closing 
of this breaker automatically starts up the rectifier auxiliaries, 
then the anode and cathode breakers are closed by their respec- 
tive control switches on the rectifier cubicle. A reverse 
sequence applied to the same devices shuts the unit down. 
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for the mill. Rectifier tanks, evacuating and equipment 





In case of an arc-back (failure of rectifying action) in a 
rectifier tube, only that pole of the anode breaker carrying the 
reverse current of the faulted tube trips and attempts to reclose 
three times at fixed time intervals of a few seconds. If success- 
ful reclosure is made, the faulted tube is restored to service. 
If the third reclosure is unsuccessful, however, then all poles 
of the breaker are tripped and the unit is shut down. This 
individual pole reclosing scheme localizes the fault to the 
phase on which the arc-back occurred and leaves the remaining 
phases undisturbed unless the phase fault continues. Hence 
the rectifier unit continues to operate while the disturbed 
phase is temporarily disconnected. 

While the high speed anode breakers have many desirable 
protective features, and contribute greatly to the continuity of 
rectifier service, they are usually not essential for rectifier 
installations of this type. In this instance, however, it was 
necessary to operate, in emergency, the two 1500-kw rectifiers, 
supplied with 60-cycle purchased power, in parallel with three 
750-kw synchronous converters operated from the steel mill's 
own 25-cycle power system. These converters are located in 
the No. 3 blooming mill substation which is about 300 feet 
from the rectifier substation. It is obvious that when operat- 
ing rectifiers and converters in parallel the 25- and 60-cycle 
power systems are tied together electrically through the 
250-volt dc tie-line. An arc-back in the rectifier would result 
in appreciable back-feed by the converters and may cause 
flash-overs on the commutators. High speed anode breakers 
were installed in order to prevent disruption of 250-volt dc 
service and possible damage to the converters under such 
conditions. They disconnect the faulted rectifier tube before 
the reverse current from the parallel converters reaches dan- 
gerous proportions. 

Because of the importance of maintaining the rectifier load 
in the continuous operation of the No. 4 blooming bar and 
billet mill, and also because of the paralleling requirements 
with the 25-cycle converters, each rectifier was equipped with 
a current limiting regulator which reduces the rectifier output 
voltage by means of phase control when the load reaches a 
critically high value. The load current at which these regu- 
lators start to act is adjustable between 125 percent and 
200 percent load. 


Drive incorporates special features 
The main mill drive motors and their supporting motor- 
generator sets are specially designed to withstand the constant 
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DESIGN INNOVATIONS in the 5,000-hp bar mill 
motor provided the specially suited characteristics 
for fast reversing service shown above. 


(FIG. 13) 
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CONTROL SEQUENCE for 
shown schematically is actuated by the mill master 
switch. Heavy line is primary circuit. 
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(FIG. 14) 
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reversing hot mill 








and usually heavy wear and tear of rolling mill service. Class B 
insulation is used throughout. 


Although the ring oiling bearings are capable of self lubri- 
cation, they are fitted for flood lubrication from an external 
oiling system. Each motor-generator bearing is fitted with a 
small motor-driven high pressure oil pump mounted on the 
motor-generator base. These supply oil under sufficient pres- 
sure to raise the shaft in the bearing on starting to make certain 
that a film of oil is re-established after it has been squeezed out 
by the weight of the shaft during a prolonged shutdown. This 
reduces the starting friction considerably, thereby reducing 
the inrush current required by the driving motor on starting. 
[he high pressure oil starting pumps operate only during the 
starting period and are automatically cut out when the motor- 
generator is up to speed. 


A separate forced-oil lubricating system is provided for the 
bar mill motor and its motor-generator set. Another similar 
system is provided for the six-stand mill motors, their sup- 
porting motor-generator set and the supporting motor-gener- 
ator set for the four-stand mill motors. Because they are 
located on the side of the mill opposite the motor room, the 
four-stand mill motors have their own lubricating system. 
Ventilating air for cooling is taken from the motor room 
through louvred or perforated end covers, passed through the 
machines and discharged downward through solid end covers 
on the commutator ends of the dc machines and through the 
bottom of the stator yoke of the ac machines. Ventilating air 
for motors driving the four-stand mill is passed from the 
motor room through a tunnel and discharged upward into 
the mill atmosphere. 


Bar mill designed for fast reversal 

Figure 10 shows the bar mill portion of the motor room 
with the main drive reversing motor at the left and the fly- 
wheel motor-generator set at the right. The motor is rated 
5000 hp, 65/130 rpm, 700 volts dc, 50 degrees C rise con- 
tinuously, with momentary loading characteristics as shown 
in Figure 13. It can reverse from its 65-rpm base speed for- 
ward to base speed reverse in two seconds and from full speed, 
130 rpm, forward to full speed reverse in five seconds. A 
thrust bearing on the coupling end protects the motor from 
end thrust which might occur as the result of an angular break 
in the long spindle connecting it to the mill or from mill 
thrust toward the motor. The mill is driven through a 38-inch 
pinion stand and delivers a maximum speed of 1360 feet per 
minute with the motor running at 130 rpm. 


The supporting motor-generator set consists of two 2000-kw, 
700-volt, 514-rpm generators driven by a 5000-hp, 13,800-volrt, 
three-phase, 60-cycle wound rotor induction motor, and a 
142,500-hp second flywheel. Generators and motor are rated 
at 50 degrees C rise continuously, good for 275 percent peaks 
from the generators at a speed corresponding to 15 percent 
slip of the induction driving motor. The cycle of operation 
is such that peak loads come at such intervals and duration 
as will allow the flywheel to be brought up to speed by the 
induction motor previous to being called upon to give up 
energy by slowing down under peak loads. Thus the induction 
motor can be made to draw lower and more constant current 
from the ac system than the fluctuating output of the gener- 
ators would otherwise allow. When the set is shut down, the 
stored energy in the flywheel keeps it coasting for a relatively 
long period of time. Required braking is done by applying 
direct current to one phase of the induction motor primary 
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from a separate small dynamic braking exciter through a 
dynamic braking circuit breaker interlocked mechanically with 
the running circuit breaker in the switchgear lineup. A zero 


speed switch on the end of the shaft prevents accidental re- 
verse rotation of the set. 


Coordination of control and 
: motor design necessary for 
| continuous rolling 


by R. M. PEEPLES 
Control Section 
Allis-Chalmers Mfg. Co. 





ODERN CONTROL of the large reversing bar mill 
is shown schematically in Figure 14. The two 
2000-kw generators with series fields cross-con- 
nected for load division supply the 5000-hp, 700-volt motor. 
Two high speed, high capacity circuit breakers protect 
this primary loop. Both the mill motor and the generators 
receive excitation from separate exciters which are designed 
to provide the necessary field current and, in addition, supply 
extra kw capacity to provide a forcing voltage to move the 
heavy fields of both generator and motor as quickly as possible. 
To minimize their inherent time delay the exciters were made 
of laminated construction. Individual high speed Regulex 
exciters supply excitation for the mill motor exciter and for 
the generator exciter. Two small exciters provide the voltage 
and current reference sources. 


A mill master operated by pedals actuates the entire con- 
trol sequence, providing a sequence of contact closing as the 
foot is depressed and operation of contacts for forward and 
reverse. operation. The mill master and a control cabinet, 
mounting circuit breaker control and indicating lights, com- 
prise the entire control normally placed at the disposal of the 
operator for this type of mill. In this particular instance a 
special mill spotting control was added. A cabinet mounted 
switch in the pulpit energizes a clutch on the end of the motor 
shaft which engages a dc position indicator showing the oper- 
ator the position of the shaft key by means of a pulpit located 
indicator. With the normal control cut out and using the 
spotting control, the operator may slowly turn the mill and 
stop it with the shaft at the most desirable position for a 
roll change. 

When the foot control is in the normal position, the Regulex 
exciters hold full field on the mill motor and near zero 
voltage on the generator. Depressing the pedal establishes a 
forward or reverse voltage on the generator ‘reference exciter 
and, by successive closing of master switch contacts, raises the 
reference voltage to cause the Regulex exciter to bring up the 
generator voltage. Subsequent master switch contacts cause 
the motor Regulex exciter to weaken the mill motor field and 
o bring the motor up to full speed. Should the current exceed 
2 safe value during this acceleration, current limit fields ener- 
gized through the current limit exciter slow down the Regulex 
exciters to limit current buildup to a preset ceiling. This 


Allis-Chalmers Electrical Review ° First Quarter, 1951 


action takes place on the generator Regulex exciter while the 
generator voltage is being built up and on the motor Regulex 
exciter while the motor field is being changed. 


Deceleration is obtained by reversing the foregoing opera- 
tion, while continued deceleration through zero and into re- 
verse comes about by reversing the potential called for by the 
generator reference exciter. The mill accelerates to speed in 
the reverse direction in the same manner as it did in the for- 
ward direction. Proper sequencing of the motor and generator 
current limit and the directional contactors is adjusted by a 
generator voltage relay, a motor field current relay and a zero 
speed relay. As a result, full-over forward to reverse operation 
is smooth and easy. Maximum torque per ampere is always 
used, and the fastest possible reversing time is obtained with 
minimum strain on the electrical apparatus. 


Coordinated design vital for billet mills 

Design of the electrical equipment for the six- and four-stand 
billet mills involved coordination between motor and control 
designers on several relatively new problems since the con- 
tinuous rolling of large billets in close coupled, individually 
driven mills had little precedent in the industry. Continuous 
hot mills for rolling strip and the close coupled tube and rod 
mill afforded the related installations on which the necessary 
similar experience was available. 

The product of the billet mill being of considerable cross- 
sectional area and the distance between stands small, there was 
every likelihood that considerable torque could be transmitted 
between drives. The unfavorable effect that stretch might have 
on the product, and the possibility of overloading a drive 
motor precluded exerting too much pull on the billet. On the 
other hand it was even less desirable to have a particular mill 
shirk its load and tend to create a loop behind it. Where the 
comparable strip or rod mill tolerated looping or even encour- 
aged rolling with loops, the mechanical construction of the 
billet mill practically prohibited formation of loops. Accu- 
rate guides into the roll bites on this type of mill were 
necessary. Therefore, a discrepancy in speed correspondence 
of adjacent stands sufficient to bend a billet of several square 
inches cross-section tends to create a condition where destruc- 
tion of mill parts is imminent. Jamming in the roll bite, or pil- 
ing up of material between stands could not be tolerated, not 
only because of the possibility of destruction but because of 
the time and labor expended in clearing cobbles between stands. 


The problem, therefore, was to devise a drive which would 
enable the operator by simple movements to preset each mill 
accurately to the speed at which the material would be de- 
livered. Since these settings would be necessarily performed 
while the motors were at no load, the motors had to be stable 
during the transition from no load to the loaded condition. 
Consequently, the motor no load to full load speed variation 
had to be held to a minimum. In addition, a substantially 
constant load regulation had to be held over the entire speed 
range of the motor. Safe stopping was an additional 
specification. 

Obviously, a speed regulator applied to each motor might 
have been adequate to hold flat speed under all conditions; 
but to obtain a justifiable result with speed regulators, high 
speed compensating means and accurate high speed regulators 
would have been necessary. These did not appear justifiable 
economically. It was decided, therefore, to apply a hot strip 
mill type of control to this application and depend on the 
motors themselves for the desired transient and regulation 
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characteristics. This resulted in special design and testing of 
motors to assure maximum inherent stability consistent with 
the economics involved. Selecting duplicate ratings for the 
stands of each mill contributed to their successful application 
by this procedure. 


Safety features protect motors 

The six-stand billet mill motor room area having six indi- 
vidual mill motors on the left and their supporting motor- 
generator set on the right is shown in Figure 15. The control 
panel is in the background. Each motor is rated 1750 hp, 
300/600 rpm, 600-volt dc, rated at 40 degrees C continuously, 
55 degrees C at 125 percent load for two hours, and no injury 
at 200 percent load for one minute occasionally applied. 


Because of the long spindle shafts and the possibility of 
damage that could be done to a motor from thrust resulting 
in case of an angular break in a spindle, each motor was pro- 
vided with a thrust bearing on the coupling end. Direct mill 
thrust was not probable since the mill is provided with gear 
units which absorb such thrust without transmitting it to a 
motor. The gear ratio is designed to reach a delivery speed 
from the mill of 346/692 feet per minute. 


The motor-generator set has four 2000-kw, 600-volt gen- 
erators connecting to a single bus which feeds the motors. The 
driver is a synchronous motor rated 11,200 hp, 13,800 volts, 
three-phase, 60-cycle, 95 percent pf with windings braced for 
full voltage starting. Starting is actually done by reduced 
voltage through a line reactor located under the switchgear 
lineup. Overload rating and temperature rise corresponds to 
that of the motors which the set supports. Not shown but off 
the bottom of the illustration and in line with this set is the 
four-stand mill motor-generator set which has two generators 
duplicating those of the six-stand set and driven by a 5600-hp, 
95 percent pf synchronous motor also employing line reactor 
starting. Both sets run at 514 rpm. The four-stand mill motors 
are each rated 1250 hp, 400/800 rpm, 600 volts. Their con- 
struction differs from that of the six-stand motors only in that 
their ventilating covers are arranged for up-draft instead of 
down-draft ventilation. They are geared to the mill to attain 
a delivery speed of 430/860 feet per minute. A view of these 
motors and the mill they drive is shown in Figure 16. 


Parts and machines were duplicated wherever possible to 
reduce the inventory of spares. Thus bearing sizes throughout 





FOUR-STAND BILLET MILL, similar in design to the six-stand mill, is 
driven by four 1250-hp, 400/800-rpm, 600-volt de motors supported by a 

three unit m-g set. The two generators, duplicating those of the six-stand 
we ont, oe Stree be ee ens See. (FIGURE 16) 





the mill were minimized in number and type resulting in some 
bearings being larger than normally required. Duplication of 
machines cut down the number of spare parts required and 
even made it feasible to carry spare armatures for the four- and 
six-stand mill motors and generators. 





A 600-volt mill bus constructed in the motor room basement 
carries the dc load from the generators to the motors. A circuit 
breaker in the positive and negative lead of each generator is 
located near the generator foundation and ,the generator leads 
run through these breakers to a widely separated positive and 
negative bus. The bus in turn runs the shortest possible distance 
along the motor lineup and is tapped off at each motor founda- 
tion to run through another positive and negative breaker to 
connect to the motor terminals. The high speed heavy duty steel 
mill type breakers used were rated at 750 volts with an inter- 
rupting capacity of 250,000 rms amperes. High speed rate of 
rise trip coils on each breaker provided maximum protection 
for the bus and motor installation. 


Centralized controls aid operation 

Generator excitation is obtained by a separate exciter which 
supplies all or any number of generators used on the bus. The 
excitation is automatically connected to any generator field 
when its line breaker is closed. The breaker closing system is 
interlocked in the standard hot mill manner to prevent closure 
of any breaker unless the bus voltage is zero. A Regulex exciter 
controls the excitation of the generator exciter to a constant 
voltage from zero to 600 volts. A motor operated rheostat 
calibrates the Regulex exciter to the voltage desired and also 
provides a standby means of controlling generator excitation 
manually. 

Knife switches and control contactors are mounted on a 
duplex switchboard on the mill floor. Control switches and in- 
struments are mounted on the steel front of the switchboard 
to provide a control center for this particular mill. A remote 
switch at this point starts the mill motor-generator set and 
also the exciter and Regulex exciter motor-generator sets. 
Control excitation is adjusted and switched on one panel. 
Generator circuit breakers are closed at an adjacent panel. 
One switch enables the operator to lock out all mill operation 
of the control, while a second enables him to check operation 
of the generator control and make necessary adjustments. 
Generator exciter and motor load meters indicate mill condi- 
tion on these operating panels. 
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Operating controls mounted on an elevated pulpit desk close 
to the mill enable the operator to close the motor circuit 
breakers by individual control switches. A speed control switch 
on the pulpit operates the Regwlex exciter motor-operated 
rheostat and recalibrates the Regwlex exciter circuit to raise 
the generator bus voltage gradually and to accelerate the mill 
motors to the desired operating voltage. An individual switch 
for each motor controls a motor operated field rheostat which 
changes the motor speed to approximately the desired value. 
Precise speed adjustments are then obtained by using a manual 
vernier field rheostat located beneath the pulpit and controlled 
from the desk by a chain drive. 


Mill adjustment is judged by the operator from ammeter 
and speed indicator readings on each drive and from a volt- 
meter connected to the mill bus. A pushbutton which trips 
out all circuit breakers provides emergency stopping for the 
mill. Provision was also made to trip all motors off the bus 
if any one should trip for any reason. This was done to mini- 
mize the possibility of damage in case of a cobble. 








by J. W. TIMMERMAN 
Switchgear Section 
Allis-Chalmers Mfg. Co. 
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Metal-enclosed bus eliminates need for 
overhead lines and cables for connecting 
component electrical units. 


{ONDUCTORS FOR CONNECTING the component 

parts of an electrical installation may be generally 

4 classed as either cable, overhead lines‘or bus bars. 

With the growing trend toward higher kva ratings bus bars 
and particularly metal enclosed bus have been increasing in 


p¢ ypulari ty 


In metal-clad switchgear which has become the accepted 
standard for electric power switching, metal enclosed con- 
ductors are designed to afford maximum protection to per- 
sonnel, simplify installation, and improve appearance. Since 
the metal enclosed bus is shipped ready to iristall, the installa- 
tion does not call for any specialized skill. 


While the results of standardization of metal enclosed 
switchgear are well understood, the application and terminol- 
ogy of metal enclosed bus are not too well known. In the 
belief that familiarity with the various types of bus may 
reveal their many application possibilities, ‘this article will 
present a brief outline of the various types of bus now 
available and their accepted ratings. 
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An extra set of meters which register the speed differential 
between the drives on an expanded scale were provided to fa- 
cilitate critical speed adjustment. Other concessions included 
the addition of high grade speed indicators and the incorpo- 
ration of additional range into the vernier field rheostats. 


During the initial runs on the mill the speeds on the indi- 
vidual stands were set to meet a precalculated schedule by 
hand tachometers. Since the motors were stable and possessed 
a small percentage of droop, it was a simple matter to meet 
the setup for the first billet successfully. Torque transmitted. 
through the billet was perfectly apparent by observation of 
the motor ammeters at the beginning and end of the piece. 
Small readjustments of the motor fields quickly attained a 
speed setup which allowed each motor to pick up only its 
rolling load without putting anything into tension between 
stands. 


BIBLIOGRAPHY 
Iron and Steel Engineer, August, 1950, pages 100-107. 
Iron and Steel Engineer, September, 1950, pages 36-N to 58-N. 





Figures 1 and 2 show two types of metal enclosed switch- 
gear with metal enclosed bus units. Figure 3 shows a typical 
open construction installation. 


Three types available 

There are three types of metal enclosed bus as defined in 
Switchgear Standards for connecting units of electrical equip- 
ment. These are the non-segregated phase, the segregated 
phase and the isolated phase types. All three differ in design 
and application. The non-segregated phase bus is usually built 
for voltage ratings of 600 to 13,800 volts, inclusive. The term 
“non-segregated” means that all conductors will be in a com- 
mon enclosure with no barriers between phases. Conductors 
may be insulated or uninsulated. The illustrations in Tables 1 
and 2 show typical cross sections of non-segregated construction 
and the usual ratings for which each type is built. 


Table 1 is for applications not exceeding 600 volts and 
corresponds in construction to the low voltage cubicle equip- 
ment using air circuit breakers. The bus bar conductors in this 
case are bare and are mounted on phenolic insulators. 


Table 2 shows the construction and lists the ratings usually 
used for applications above 600 volts and not exceeding 
13,800 volts. This bus duct corresponds in construction to 
metal-clad equipment using vertical lift air magnetic, com- 
pressed air or oil circuit breakers. Generally, it consists of 
conductors covered with phenolic insulation and mounted on 
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insulating phenolic supports. Bars in this type of equipment 
are insulated principally to maintain a relatively high di- 
electric strength level for the equipment with small air clear- 
ances and consequent minimum space requirements. A bus 
of this construction is usually built for through current ratings 
-corresponding to those for breakers used in vertical lift 


switchgear. 


Table 3 covers segregated phase bus and isolated phase bus 
having voltage ratings ranging from 14,400 to 34,500 volts and 
with through current ratings comparable to breakers of these 
GROUPS OF SWITCHGEAR UNITS are conveniently tied to- voltages. In the segregated phase units each phase is completely 
SS ok ae tae teniemen yp Bk er enclosed by metal as illustrated in diagram a of Table 3. The 

. : solid metal barrier between phases separates or segregates the 
phases. The term “isolated” means that each phase is inde- 
pendently housed in metal as shown in Table 3, diagram b and 
has no enclosing covers in common with another phase. The 
construction of the segregated and isolated bus corresponds to 
that of station type cubicles using either air blast or oil 
breakers. As a rule porcelain is used for the conductor supports 

and air and porcelain constitute the necessary insulation. The 
space required, therefore, is greater than would be taken by Ti 
the non-segregated construction. 


The bus designs shown in Table 3 are for central station 
or concentrated power applications where the service voltages = 
will range from 10,000 volts and up. Although this class of . 
equipment has been used in ratings up to a maximum of 
34,500 volts, these ratings are not included in Table 3 because 

, “s they are seldom required. The limitations of 14,400 and 

7 Ce a. _ psalm Bi ak qeateile the 23,000-volt bus are shown. These maximum voltage limita- 

transformer connections on this outdoor substation. (FIGURE 2) tions can be exceeded provided the system is adequately 

ry grounded and surge voltage limiting equipment is employed 

to hold voltage surges reasonably below the basic insulation 
level (BIL) rating of the equipment. 





























System affects bus choice | ' 
Ratings of the segregated and isolated bus structures shown in 
Table 3 are the same in every respect. The difference is in the 
construction of the enclosures resulting in greater space re- —_ 
juirement and cost for the isolated phase type. Both types _ 
encase each phase in grounded metal and as compared to non- 
segregated phase construction are justified on high powered 
circuits in that any fault within the bus must involve ground 
hus avoiding ungrounded and, consequently, unlimited phase- 
phase fault currents. 





Compared to the segregated phase bus, isolated phase con- 














SPECIAL STRUCTURES must be built at the installation to sup- struction is justified where ground currents are virtually un- 
port the overhead open type bus used with this 15-kv to Gi j ; 5 
4160-volt substation and feeder units. (FIGURE 3) limited and can reach a magnitude which could rupture or 
TABLE 1 
. INSULATION MOMENTARY CURRENT 
MAXIMUM | TEST VOLTAGE CONTINUOUS RATING 
SERVICE CURRENT AMPERES 
VOLTAGE KV | IMPULSE| RATING (AMP) 
CONDUCTOR INTERPHASE SUPPORTS 60-C (BIL) 25,000 | 50,000 | 75,000 | 100, 
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ugh the metal housing to involve the second or third 


extend the damage before protective circuit 


; could interrupt the current. The speeds of modern 
id circuit breakers in conjunction with the limited 


irrents found on the majority of high power systems 


rovide an assurance factor sufficiently high to make 


he more economic segregated construction adequate. 


ice of bus type for any voltage, non-segregated, segre- 











STATOR YOKE shown on a 40-ft boring mill is one of two 82,500-kva, 
1.0-pf, 180-rpm vertical synchronous generators being built for Hoover 
Dam. To be driven by 115,000-hp, 480-ft head hydraulic turbines, units 
will be the largest complete hydro-electric machines built by one firm. 
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: : 1. Maximum Service Voltage — line-to-line nominal system voltage. 
isolated phase, 1s determined usually by the type of 2. Insulation Test Voltage (60-cycle) — voltage the equipment will 
1 switchgear chosen for the application. In almost any s : ve minute with- 
lard buses are planned to provide a choice that will ; papier oad 

ane ee aoe U 1 diti 3. Insulation Test Voltage — the surge voltage as defined 
GESsifed COOFGINAtEG fesUut. nusual conditions, Impulse (Basic Insulation Level) by the American Standards 
sometimes legitimately require deviations from stand- Association which the equip- 
construction and ratings as shown in the tables. A é-o e ; Pe odes er 
nderstanding of the terminology, the various voltage, . ee ee Se eee y Hep nce planed 
and current rating limitations and reasons for the rise. 
standard constructions will enable engineers to select 5. Momentary Current — anion rms value of momentary current 
CS ee ee é 0 : : seo (initial fault current) which the equipment 
losed bus with an economy in keeping with require wil atts “ile Ganado ied 
f the overall system planning. (magnetic) damage. 
TABLE 2 
‘ae INSULATION MOMENTARY CURRENT 
: ae MAXIMUM TEST VOLTAGE CONTINUOUS RATING 
ooo SERVICE CURRENT AMPERES 
VOLTAGE KV IMPULSE RATING (AMP) 
Se 60-C (BIL) 20,000 | 40,000 | 60,000 | 70,000 
é OR SUPPORTS 
| 4,160 19,000 60,000 1,200 x 
' 
ZED 4 D K = 2,000 Xx 
ian ae ZZ J UY, 3,000 x 
mig ee ¥ 
LATION COVERED CONDUCTORS 13,800 36,000 | 95,000 1,200 x 
2,000 x x 
— ais 3,000 x » 
Y 
TABLE 3 
“| i 6 INSULATION MOMENTARY CURRENT 
= - MAXIMUM | TEST VOLTAGE CONTINUOUS RATING 
SERVICE CURRENT AMPERES 
voittace | KV | IMPULSE) RATING (AMP) 
ee ee 60-C (BIL) 77,000 {115,000 /190,000 
——==—-SIERPHASE BARRIER 
ate, Weteer hace Same nN 1 x x 
SEGREGATED PHASE 14,400 50 0 —_ ; : 
3,000 x x 
4,000 x x 
¥. 5,000 x x 
wet ate Scarnato at 23,000 60 150 1,200 x x 
if 2,000 x x 
| | 3,000 x x 
i ‘ eer 4,000 x x 
| if Y 5,000 x x 
c ORS METAL INTERPHASE COVE 
ISOLATED PHASE 
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Modernization investment reduced operating 
costs, increased old plant’s efficiency and 
capacity, and reduced purchased power cost. 


relegated to reminders of the early days of electrical 

power generation. With modern equipment and pro- 
cedures the great majority of them can be converted into 
sources of additional revenue through savings in labor and 
increased operating efficiency. This is especially true in the 
light of today’s vastly increased and steadily rising demand for 
electric power for industrial and domestic needs. A typical 
example of using available hydro capacity in peak periods to 
reduce the maximum demand for the per kilowatt hour cost of 
purchased power is the 58-year-old plant serving the city of 
Niles, Michigan. 

Like many other plants the Niles hydro station was built in 
the days when there were few, if any, transmission line net- 
works to provide needed power. Water power was used be- 
cause it was the most readily available and economical source 
of electrical energy. This is no longer true today when the 
problem of supplying new areas occurs, since in most cases 
it is best to depend on large scale power production by buying 
power from the nearest large utility. 

Because of the constantly rising demand for power, the old 
hydro plants are a godsend to many communities in reducing 
the cost of electric power. Utility rate structures are arranged 
so that the total rate per kilowatt hour is made up of a basic 
charge per kilowatt hour determined by the number used per 


‘ yee HYDRO-ELECTRIC PLANTS need not be 
mw 
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QUAINT LANDMARK provides economical 
power to meet vastly increased residential, 
commercial and industrial needs. (FIG. 1) 


billing period and a demand charge based upon the peak 
demand during that same billing period. It is obvious that 
the total energy charge can be greatly reduced by utilizing 
such small hydro plants to reduce peak demands. 


Like the great majority of small hydro plants, the Niles 
station was operated with the originally installed manual 
control equipment. Although in all probability it had paid 
for itself during its operating life, the constant 24-hour at- 
tendance that it required and manual control reduced its 
economical and functional effectiveness. Conversion to auto- 
matic operation reduced operating costs by 75 percent and 
increased the station’s operating efficiency. Experience has 
shown that the plant can be left unattended except for daily 
readings and cleaning. The reduction in operating costs alone 
paid for all of the new equipment and installation charges in 
less than two years. This does not include additional savings 
realized from reduced purchase of peak power made possible 
by the plant’s newly injected generating efficiency. 


Human element removed 

Fully automatic operation, arranged to make the most efficient 
and economical use of the available water, replaced the plant's 
manual control. In emergencies it is still possible to control 
the operation manually. 


The machine is arranged so that it starts and stops from 
water level (float) control with a high and low level float 
( pre-set ). 

Normally, the machine is arranged to start and stop by time 
clock indication, the periods of operation coinciding with the 
local system load peaks. However, when the water level be- 
hind the dam exceeds the predetermined maximum the ma- 
chine runs continuously until the stored water capacity has 
dropped to the normal operating range. Also, if the level 
should drop below this same normal range then the station is 
taken off automatically and remains inoperative until such 
time as there is enough water impounded behind the dam to 
bring it back up to normal. In addition, automatic control 
of the turbine gate maintains the required opening to carry 
a preset full load, regardless of water level. This is done by 
an electric head level control employing a synchro-transmitter 
operated by a float and a system of levers and a receiver oper- 
ating upon the gate mechanism. 
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As part of the modernizing and conversion, it was mecessary 

or change all hand operated equipment and acces- 

provide full automatic control. This included opera- 

he breaker, the brake, voltage control, synchronization, 

rm system shuts down equipment when any of fifteen 

rouble develop. The type of trouble is indicated by 

red lamp being lit and the ringing of two bells: 

1e station exterior and the other at the operator's 

arranged so that the only point of alarm 
s a switch on the alarm panel. 


ese are 


| is an exterior view of the station from below the 
generator, with a part of its auxiliary equipment, 
The direct-connected exciter is mounted 
pper end of the generator shaft. The centrifugal speed 
for protection against over-speed is shown above the 
is connected to the upper end of the exciter shaft 
The construction is such that before 
) resets the speed of the generator must drop below 


maximum. 


n Figure 2 


bie coupling 


Mounted on the right side of the base are two cabinets, 
le. The one on the right contains three current 
ers in the neutral end of the generator windings 

used for differential protection. To the left is the 
lied field switch with local push button as 
tomatic operation and a light mounted on the front 
ts Operating position without opening the cabinet. 
1is is a manual field reversing switch. The solenoid 

I ism and the bearing thermal relays are 

out of sight. The raceway for control 

ds inspection and maintenance. 








Figure 3 shows the governor and all of its associated acces- 
ic as well as manual control of the gates. 
t the far right appears the 48-volt control 
the charger for maintaining the battery 


r automat 





and above it 


Breaker is easily accessible 


Figures 4 and 5 show the front of the switchgear with the 
h open and closed giving a general idea of the 

xity of the control and its layout. 
aring in the upper left-hand corner of Figure 4 is a 
swinging panel with the automatic synchronizer, the 






AUXILIARY EQUIPMENT for the 432-kva, 
4160-volt generator is mounted on the unit 
for convenience and to save space. (FIG. 2) 


ac ammeter and voltmeter, and their respective transfer 
switches for connecting the meters individually to the different 
phases are mounted on the front. The interior of this panel 
contains the auxiliary relays for the automatic synchronizer. 
The breaker test cabinet, with facilities for operating the 
breaker out of the switchgear during the periodic maintenance 
inspections, is immediately below the swinging panel. 

The left-hand unit is for the breaker, shown racked into 
operating position, the raising crank being inserted in position 
to lower or raise the circuit breaker. Lying on the floor in 
front of the unit is the plug jumper used in testing circuit 
breaker operation while it is in the unit, but arranged so that 
the main breaker disconnects are open to prevent the closing 
of the power circuit during testing. Various miscellaneous 
equipment details can be seen mounted on the interior walls 
and barriers. 

The right-hand unit contains the potential transformers and 
the station service transformer and their protective fuses, all 
of which are obscured by the barriers. The protective inner 
barrier is hinged for access to this equipment. Also in view 
on the internal barriers of this unit are the annunciator relays, 
the thermal overcurrent relays, and the automatic time switch. 
The compact arrangement of the rear of the panels improves 
operation and maintenance. 

Figure 5 shows the same units with the front swinging 
panels closed. The left-hand panel has the dc ammeter and 
voltmeter for the field circuit, the generator voltage regulator 
and its controls, the synchronizing switch and the governor 
control switch. The main and field breaker control switches 
and their red and green indicating position indicating lamps, 
a wattmeter, the differential relays, and the reverse phase relay 
are also mounted on the left-hand panel. 

The right-hand panel has the reverse power relays, over- 
power relays, exciter over-voltage relay, over-current relays, 
phase balance relay, a group of auxiliary relays, and timing 
relays. The annunciator lamps and escutcheon plates, the ex- 
citer rheostat mounted on the rear of the panel with its 
adjusting handle removed and miscellaneous control switches 
are also mounted on the right-hand panel. 


Controls provide complete protection 
Figure 6 shows the schematic diagram of connections for the 


automatic control of this automatic hydro-electric generating 
station. Simple operation of device 43 shifts the control 












from manual to full automatic operation and, if water and 
time conditions are correct, the unit is started, brought up to 
proper voltage and speed, and automatically synchronized 
with the rest of the system. The unit then takes load to the 
predetermined capacity and runs without further attention 
until normal automatic shut-down time arrives or until shut 
down and locked out of service by improper operation or 
failure of one of its components. If locked out, the reason 
or reasons for such a shut down are indicated by the proper 
red lamps of the annunciator. 

Starting and stopping is done through the activation and 
deactivation of master relay 3 either by control switch MCS 
or the time clock contacts in normal operation, or by float 
switch contacts 163 and 163B through the auxiliary relays 
163X and 163BX. Once relay 3 is picked up, it is sealed in 
by its own contact and stays in until its coil is short-circuited 
by a shut-down contact. Relay 3, in turn, picks up and drops 
out master relay 4. It also energizes the electric head level 
control receiver and transmitter. 

Master relay 4 performs several functions. It energizes the 
field breaker, 41, puts automatic synchronizer 25 in service, 
lets oil into the mechanism, 65, to open the gate and starts 
two timing relays. The first of these, 2, cuts out the lock-out 
and alarm system until the machine has started. The second 
48, shuts down the machine if it fails to go on the line in a 
reasonable period of time after the starting sequence has begun 

As the gates begin to open, limit switch 33X closes and 
provides cooling water either from the fore bay or city water 
supply through solenoid valves 20-1 or 20-2 and starter 20R 
if fore bay water is used. 

The automatic synchronizer sends impulses to the governor 
through contacts Hl or H2. When synchronism is reached, 
contacts R close and breaker 52 closes as a result of the actions 
of auxiliary relays 52X and 52Y and closing coil 52CC. The 
governor and head level control enable the machine to take 
and hold a preset full load. 

In shutting down for internal failures detected by differen 
tial relays 87, lock-out relay 87X is energized and, in turn, 
drops out relays 3 and 4. Any other shut-down cause energizes 
an annunciator relay, such as 49A, which activates a red lamp, 
rings the bell and causes relay 86 to operate which, in turn, 
drops out relays 3 and 4. Dropping out of relay 4 trips the 
main and field breakers and removes oil pressure from the 
gate mechanisms. Limit switch 33Y energizes timing re- 
lay 62 when the gate closes. The timing relay then applies the 
brakes for a predetermined time and releases them by the 
action of relay 62X. 

In manual operation, automatic synchronizer contacts H1, 
H2 and R do not operate so that synchronizing has to be done 
manually. All other functions of manual or automatic stop 
ping and starting are performed by relays 3 and 4. 

This operation continues day after day without human 
intervention or interference being necessary. Of course, 
routine inspections of all parts of the equipment are always 
recommended. This, of course, is and can be combined with 
the periodic visits for recording in the station log sheets of 
the necessary operating data. 

This improved operation costs less than that provided by 
initially cheaper manual controls. This is true not only of this 
station but of many others. Economic studies of many 
existing electrical installations show other instances where 
various degrees of modernization and conversion to automatic 
operation provide more efficient and safe operation with con- 
siderable savings. 
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FRONT PANELS contain 
all the necessary meter- 
ing, protective and control 
apparatus arranged for 
convenient normal opera- 
tion. Easy accessibility is 
especially helpful in emer- 
gencies. (FIGURE 5) 

























NILES, MICHIGAN, is a typical small American diy 
of well- boo residences and diversified industry. Dowagiag 
Creek has been providing some sort of power for the com 
munity for over a century. A dam and some type of wate 
wheel has been as much of a landmark as the stream itself 
The creek furnished power for the first grist mill which wa 
as vital to the people in days gone by as the hydro-electrig 
plant is to the present generation. = 

The Niles Electric Company was formed in 1892 to provide 
electricity and street lights for the city. The earth and timber 
dam and timber flumes were enlarged, and horizontal wa er 
wheels and generators were installed. In 1894, the entire 
plant, including dam and water privileges, was purchased 
the city for $37,200. Additional equipment, consisting of one 

2,000-candle power incandescent machine complete with nee f 
essary station equipment and transformers was purchased if ff: |||. 
February, 1895. In 1897, according to the first annual repom §: ||. 
of the Board of Public Works, the city’s electrical plant com ff: 
sisted of two 35-light 2,000-candle power arc dynamos, ont 
50-light 2,000-candle power arc dynamo and one 2 000-ligs 
incandescent dynamo. 

Surging demand for electric power resulted in-an agreement 
between Niles and the Indiana and Michigan Electric Com 
pany for additional power. Renewed from time to time this 
contract is still in effect. At present Niles purchases about 
80 percent of its needs from the utility and obtains the othet 
20 percent from the hydro plant. Being run-of-stream, thi 
plant is used for peaking during low water. Since June, 1934 
the load has grown from the purchase of 178,000 kwh, demand 
of 630 kw and generation of 120,300 kwh to a purchase of 
1,026,000 kwh, demand of 3640 kw and generation of 
334,200 kwh in June, 1950. 

Because of the increased use of electric power, the City 
Niles purchased one 300-kw generator to be driven by the 
horizontal twin turbines which were then in operation. Af 
erection man was hired to install the machine at $6.50 per day 
plus expenses. In January, 1912 the city paid $3,216.00 
represented 50 percent of the purchase price of two genera 
Expansion was necessary again in 1920 when contracts wet 
let for a complete new dam, flumes, powerhouse, and the i 
stallation of a vertical water wheel and a 460-kw generatot 
complete with switchboard, governor, etc. Conversion of t 
plant from manual to automatic control was begun int 7 
summer of 1948 which resulted in the present modem 
fully automatic 4-wire, 3-phase, solidly grounded new 
2400/4160-volt arrangement. ; 
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Tests Jet Engines 





M. GAY* 
and 
W. F. KING 
Motor-Generator Section 
and 
D. DALASTA 


Switchgear Section 
Allis-Chalmers Mfg. Co. 


World’s largest power-delwering dyna- 
mometer provides accurate torque measure- 
ment in either direction of rotation. 


gs ODERN TEST FACILITIES recently installed in 
the Andrew Willgoos turbine laboratory of Pratt- 
® Whitney Aircraft Division, United Aircraft Corpo- 
permit testing under load major components of the 
powerful turbo-jet engines now being built. Special 
pment and operating procedures were required to ‘obtain 
iccurate data necessary for perfecting the design and pre- 
ting the performance of the jet engines. 


One phase of this particular test facility consists of a 24,000-hp 
er delivering dynamometer which is capable of transmit- 
1e to equipment being tested at any speed from 1210 

rpm in either direction of rotation. The magnitude of 


*} 


being transmitted is determined accurately by directly 
g the torque: being developed in the dynamometer. 

result, output power can then be established from the 
ide of torque output of the dynamometer and the speed 
yutput shaft of the speed increasing gear. 


namometer torque is developed by the 24,000-hp, three- 
93.3-cycle, 3,000-volt, 10-pole synchronous motor con- 
) a two-speed ratio gear through a flexible coupling, 
The particular ratio to be used is selected by a 

c gear shifting mechanism. Speed is adjusted by first 
ng the desirable gear ratio and secondly by varying the 
the editorial cooperation of B. A. Schmickrath, 

Bo ee pti hitney Aircraft Division, United 


lircraft Dit 


DYNAMOMETER, its 24,000-hp synchronous motor and 
two-speed gear are mounted on a single base. This support 
is cradled on the four hydrostatic bearings. (FIGURE 1) 


frequency of the generators supplying power to the synchro- 
nous drive motor. 
This dynamometer is unique because of the method used to 
obtain a direct measurement of the torque being transmitted 
from the gear. By having the motor and gear mounted on a 
single base, which in turn is supported on four hydrostatic bear- 
ings, it is possible to obtain a direct measurement of torque. 


Oil film reduces friction 


Because of the uniqueness of the test facility, nearly all of the 
major pieces of equipment had to be specially engineered. 
The features of the dynamometer and the manner in which it 
was mounted reflect the ingenuity of the engineers in meeting 
design and mounting requirements for this’ installation. 

For example, to move a body weighing 130,000 pounds, the 
weight of 35 automobiles, with one finger is not a Herculean 
feat but a matter of minimizing frictional resistance. If the 
body is supported by a fluid, like a log floating in water, there is, 
obviously, little resistance to movement. 

The function of the dynamometer mounting is to permit 
measurement of the gear output torque with an accuracy of 
one-half of one percent. It must allow sufficient angular 
movement of the unit to actuate the torque measuring equip- 
ment with very little friction. The angular movement should 
not affect the shaft alignment. Furthermore, the mounting 
should be stable in the axial and lateral directions. 

The motor and speed increasing gear are mounted on a com- 
mon base or cradle, which, in turn, is supported on four radially 
located spherical pads, two at each end of the cradle. Oil is 
pumped between the mating spherical surfaces to float the unit 
on a film of oil. Since the frictional resistance in an oil film 
is proportional to the velocity, it approaches zero at a very slow 
rate of movement. The center of gravity of the unit is only 











SPHERICAL PADS of one of two hydrostatic bearings 
mounted on each end of the dynamometer cradling are 
shown above. Enclosed bus duct is at lower left. (FIG. 2) 


LINE DRAWING of the hydrostatic spherical bearing 
assembly shows the component parts. Shaded portion 
traces the flow of oil through the bearing assembly. (FIG. 3) 


slightly below the axis of rotation to keep pendulum effect to 
a minimum and yet return the unit to a position of equilibrium. 
Torque is measured by a thrust meter which engages an arm 
extending horizontally from the cradle in line with the 
shaft center. 

The two spherical pads at each end of the cradle, Figure 2, 
conform to a common spherical surface having a radius of 
curvature originating at the center line of the shaft. Conse- 
quently, rotational movement of the unit will not displace the 
shaft center to disturb alignment with the driven machine 
Machining of the spherical surfaces was performed on an air 
operated, tracer equipped lathe to master templates producing 
a surface accurate to 1/1000 of an inch. Mating surfaces 
were then lapped together to remove tool marks and improve 
the accuracy of fit. 


The upper convex spherical pads shown in Figure 3 are 
bolted to surfaces on the lower part of the cradle and are 
accurately machined to obtain correct angular and radial 
location of the bearing surface. These pads are insulated from 
the cradle so that the oil film separation can be checked by 
indicating lights on a low voltage circuit. 


Spherical bearings insure accuracy 

The lower concave spherical shoe is supported by a central: 
hardened block, pivoted on the hardened, rounded head of a 
jack screw. This pivoted support insures proper matching of 
the spherical surfaces while the jack screw provides for vertical 
and lateral adjustment of the unit. The jack screw base rests 
on sole plates grouted to the foundation. Tilting of the shoe 
is limited by four adjustable stops to guard against instability 
under extraordinary conditions. 

Oil is delivered to each bearing by an individual pump 
through a flexible hose connection to the lower shoe as shown 
in Figure 4. Passageways drilled in the shoe admit the oil to 
the bearing surface through four ports uniformly spaced about 
the center of the shoe. Orifices located at these ports prevent 
loss of the oil film separation under abnormal conditions such 
as mismatching of the spherical surfaces or a surface defect. 
Since the pressure drop through an orifice would be sixteen 
times as great if it were to pass the entire supply of oil instead 
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of its normal quota of one-fourth the oil supply, it is easy to 
design an orifice to control abnormal oil flow without excessive 
pressure drop under normal conditions. 


Oil flowing radially outward from the bearing surface is 
trapped in two annular grooves in the lower shoe and drained 
through flexible tubing to the reservoir. The inner groove, 
which is sealed by the bearing surfaces, collects most of the oil. 
Seepage beyond the inner groove drains into the outer groove 
which is outside the upper pad. A drilled hole for the flexible 
drain line connection at the lower part of the shoe connects 
with both grooves. 


In operation, the bearing surfaces are separated by an oil 
film approximately 5/1000 of an inch thick. It consists of 
medium grade oil pumped to each bearing at a pressure of 
500 psi at a rate of about one gallon per minute. Since the 
thickness of the oil film varies as the cube root of the rate of 
oil delivery and of the oil viscosity, it is insensitive to small 
changes in those factors. When the performance of the hydro- 
static bearings was tested in the shop, it was demonstrated that 
a force of a few pounds or the pressure of a man’s finger on the 
torque measuring arm was sufficient to cause perceptible rota- 
tional movement of the unit. Removal of the force returns the 
unit to its position of equilibrium. During the test the force 
was well within the allowable error. A movement at the arm of 
about 4/1000 of an inch is all that is needed for operation of 
the force measuring device. With this limit of movement, 
the pendulum effect due to the center of gravity of the unit 
being below the axis of rotation causes an error of less than 
one pound force at the arm. At maximum torque the force 
measures 2100 pounds. Weights are attached to the cradle to 
level the unit laterally when it is at rest. 


Frame eliminates vibration 

Vibration characteristics rather than strength requirements 
were responsible for the massive proportions of the cradle. 
To avoid excessive vibration the natural vibration frequencies 
of the combined cradle and parts mounted upon it, in com- 
bination with the rotor shaft, were removed from the operat- 
ing frequency range of both the motor and gears. These parts, 
therefore, were designed to have natural frequencies above 
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HIGH PRESSURE OJL supply system for the hydrostatic 
bearings consists of two gear pumps, drive motor and oil 
sump with four hose connections for oil return. (FIG. 4) 


TORQUE MEASURING equi t is 


p 





ted on the end of 





the torque arm. Panel of double acting, double range device 
mounts valves and ether necessary equipment. (FIGURE 5) 


rotational frequency of the motor and below 
utput ; snatt. 

of the cradle extending between the motor 

gear housing is subjected to the torque trans- 
aft. To provide ample torsional rigidity, 
mbers of the cradle were made with a rectangular 

tion instead of the more conventional I-beam 





he foundation members, under the four corners 
provide support for the cradle during erection or 
es when it is undesirable to rest the cradle on the 
rings. Stops are embodied in the blocks to limit 
f the cradle in case the torque measuring device 


nproperly secured. Arms extend from both sides 
ttachment of a weight at a fixed radius for 
he torque measuring equipment. 








ment is permitted, the spherical bear- 
ent. Axial shift is limited by an anti- 
on a vertical shaft secured to the 





ed between two axially spaced plates attached to 
of radle. Proper spacing of the plates 
bearing from contacting both simultaneously. 


Dynamometer needs special motor 
meter is driven by a 24,000-hp, 1120-rpm, 93.3- 
pole synchronous motor. This 3000-volt, three- 
4 motor is designed for a 70-degree C 
temperature detectors and an 80- 
in the field when measured with resistance with 
he motor and with the motor operating 
re of 40 degrees C. -Stator coil and 
gs of the motor are insulated with full class B 








ing ventilating system with external 
wer motors, an air-to-water heat exchanger, and a 
nber, all located in the pit below the dynamom- 
the necessary cooling. Mounted in the plenum 
two 18,392-cfm, 2248-rpm blowers individually 
gh V-belt drives from 50-hp, 1760-rpm, 440-volkt, 
60-cycle squirrel cage induction driving motors. 
* First Quarter, 1951 
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The blowers obtain inlet air directly from the plenum 
chamber and discharge it vertically into separate air ducts 
located above the chamber. In turn, these two air ducts dis- 
charge the air into the two enclosed ends of the synchronous 
driving motor. 


After passing through the motor, the ventilating air is dis- 
charged into a duct at the bottom of the motor. This duct is 
connected to the air-to-water heat exchanger mounted on the 
plenum chamber. Incorporating cupro-nickel tubes and rolled 
Naval bronze tube sheets, the heat exchanger with its water 
connections was laid out specifically for this application. Ducts 
at the bottom of the driving motor as well as the ducts and heat 
exchanger above the plenum chamber are joined with flexible 
connections to prevent the introduction of restraint which 
would restrict the movement of the dynamometer. 


All external connections to the dynamometer had to be 
quite flexible. 

The stator lead bus consists of laminated copper strips ex- 
tending axially from the cradle. While these leads are de- 
flected, both in bending and in torsion with movement of the 
cradle, the slight movement involved, together with the flexi- 
bility of the leads results in only insignificant resistance to the 
movement. The rotor field leads are flexible cable. Soft rub- 
ber strips attached to the upper part of the air housing and 
set to a gap of 10/1000 of an inch from the matching surface 
of the stator connect the air housing and the stator. 


Oil lift reduces starting torque 

Before starting, the driving motor rotor is lifted in its bearings 
with high pressure oil to reduce the breakaway torque required 
for starting. The high pressure oil is supplied by a separate 
system at each of the two bearing pedestals of the motor. 
Each of these includes a squirrel cage induction motor, a gear 
type oil pump, oil sump piping, valves, and pressure switches. 
The motor starters and pressure switches are interlocked with 
the starting procedure so that the motor cannot be started 
until oil pressure has been built up in the bearings. Oil is 
pumped into a recess in the bearing bushing under the journal 
with enough pressure to lift the shaft and float it on a film of 
oil, thereby enabling the rotor to be turned with little effort. 
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In practice, an individual pump for each bearing delivers 
oil at the rate of about one gallon per minute. It may develop 
a pressure of 750 to 900 psi to initially raise the shaft, after 
which the pressure will drop about 200 psi and the shaft floats 
on a film of oil about 2/1000 of an inch thick. It can be 
observed that the hydrodynamic pressure in the oil film during 
normal operation when the high pressure pumps are shut down 
is substantially the same as that required to hold the shaft in a 
lifted position when it is stationary. 


During normal operation the spherically seated, pedestal 
type sleeve bearings of the motor are flood-lubricated from a 
low pressure lubrication system. Each of the bearing pedestals 
has oil sumps of sufficient capacity so that the driving motor 
could be brought to a normal stop without injury to the bear- 
ings if the low pressure lube oil system should fail. While 
bringing the motor to a stop with the low pressure lube oil 
system inoperative, oil is carried to the bearings from the sump 
in the pedestal by two oil rings in each of the bearings. 


Variable frequency power supply 

Power supply for the dynamometer driving motor consists of 
four turbine-generator sets already installed at the test facility. 
The electrical characteristics of the power supply and the 
switchgear had to be specially designed to accommodate the 
electrical characteristics and rating of the available turbine- 
generator sets. Since it was desirable to start the dynamom- 
eter motor from one of the four turbine-generator sets which 
had only one-fourth the kva rating of the motor, the motor had 
to start with a compressor inertia load equivalent to approxi- 
mately 20 times the motor inertia. 


In this particular instance, synchronous starting was the 
simplest way of starting the dynamometer motor. Tests demon- 
strated that the high pressure lube oil lift system is so effective 
in reducing the necessary breakaway torque and the torque 
characteristics of the motor had been so well correlated with 
the characteristics of the existing generators that the combined 
installation is able to start in synchronism with a single gen- 
erator connected to the dynamometer motor. In starting, the 
excitation of the generator and of the motor is set at prede- 
termined values. The generator being used is then connected 








to the motor bus by closing the appropriate generator “motor 
bus” breaker. Steam is admitted to the turbine after the 
electrical system has been tied together. As the turbine. 
generator set accelerates, the dynamometer motor remains syn- 
chronized and accelerates with the turbine-generator set. 


After the system reaches a speed corresponding to 25 cycles 
per second, additional generators can be brought up to the 
25-cycle-per-second speed and synchronized manually on the 
motor bus. The number of generators paralleled on the bus is 
determined on the basis of the power required to run the 
particular compressor test being contemplated. After the nec- 
essary number of generators have been paralleled on the motor 
bus, the speed of the dynamometer motor can be varied to 
whatever speeds between 180 and 1120 rpm needed for the 
compressor test. This speed variation is accomplished by either 
increasing or decreasing the speed of the turbo-generator sets 
as needed. 

Dual sets of voltmeters and synchroscopes were required, 
One set is used with frequencies up to 25,cycles and the other 
set is used at a frequency of 60 cycles per second. 


The switchgear is arranged to enable additional turbo- 
generators to be paralleled electrically prior to starting in the 
event that a single generator should be unable to start the 
motor. 

An alternate starting method was incorporated in the design 
of the switchgear and the motor since it was not Certain at 
the start that synchronous starting would be satisfactory in 
view of the limited power supply, the large compressor in- 
ertia, and the need of coordinating motor design with the 
existing generators. This method consists of bringing the 
turbo-generator set up to a low speed, setting the generator 
and motor excitation at predetermined values, closing the gen- 
erator breaker on the motor bus, and accelerating and synchro- 
nizing the motor. After the motor is synchronized, the turbo- 
generator set and motor are accelerated to a speed correspond- 
ing to 25 cycles per second. At this frequency, additional 
turbo-generator sets are synchronized on the motor bus as 
required for the particular test being run. The speed of the 
dynamometer is then adjusted to whatever speeds needed to 
obtain the required test points by increasing or decreasing the 


























SCHEMATIC DIAGRAM shows gear arrangement and clutch 
engagement of speed increasing gear. Shaded portion indi- 
cates path of power transmission for low speed ratio. (FIG. 6) 
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SHADED PORTION of schematic illustration of the speed 
increasing gear indicates the actuc! path of power trans- 
mission used for high speed ratio. (FIGURE 7) 
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Hydraulic pressure system measures torque 
put of umometer is measured directly and 
necessity of measuring the stress or 
mnvertinig to an equivalent torque. 
f measuring the power input to the 
ng the losses in the dynamometer 
1 speed at which a test is being 


ue is obtained from the force at 
er torque arm shown in Figure 5 
the tcrque developed in the dyna- 
force consists of hydraulic pressure 
exible diaphragms at the end of the 
If aulic force is not great enough to bal- 
f the torque arm resulting from the 
lynamometer, a very small angular 
er occurs which operates a poppet 
essure to the diaphragm until the 
1 the angular position of the dyna- 
again restored to its neutral position. 


great and a slight angular rotation occurs 
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is again attained. A damping 

the torque measuring equip- 

between the two opposing forces. 
measure torque in either direction 
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bel e end of the torque arm to make the 
double acting. Because the 
peed ratios and, consequently, two 

| S necessary tO use two double acting 

ng mechanisms. Only one of these is used 
high output speed-low output torque 

Be he double-acting mechanisms are used 
gear is in the low speed-high output torque gear 
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ratio. When both mechanisms are used, one of them acts as 
the master control to control hydraulic pressure and the other 
serves as a receiver operating from pressure from the master. 


A system of solenoid operated valves selects the proper 
diaphragm for the particular direction of rotation of the 
dynamometer. These also select either single or dual operation 
for the particular gear ratio being used. 

Measurement of torque magnitude is obtained by having 
the pressure in the diaphragms of the torque measuring device 
position indicated on a sensitive pressure gauge. 


Gear permits wide speed range 


The dynamometer incorporates a speed increasing gear with 
two gear ratios. A set of low speed gears and two separate sets 
of high speed gears having different ratios provide the means 
for doubling the range of speed of the dynamometer. A hy- 
draulically actuated shifting device enables the pinions of 
either one of the two sets of high speed gears to be coupled to 
the output shaft. With an input speed of 1120 rpm, one set 
of high speed gears has an output speed of 7528 rpm while 
the other set has an output speed of 15,072 rpm. The gear is 
rated 21,500 hp at an output speed of 7528 rpm and 18,000 hp 
at the top output speed of 15,072 rpm. The gear is of the 
divided train type with the horsepower input divided equally 
between two identical intermediate assemblies which are 
coupled to the high speed gears by quill shafts and involute 
tooth couplings. The gear combinations and clutch engage- 
ments used to obtain the low and high gear ratios respectively 
are shown schematically in Figure 6 and Figure 7. 

The hydraulic shifting mechanism can be operated only 
when the dynamometer is not running. Hydraulic pressure 
is used to move a piston connected to a toothed element of the 
clutch which engages an internally toothed element of the 
clutch on either the high or low ratio high speed gear train. 
Pressure switches and a safety lock in the shifting mechanism 
indicate whether or not satisfactory pressure is available and 
to assure that the mechanism does not shift during operation. 
The gear also has its own lubrication system. 

Gear oil is supplied through a flexible connection and 
drained through a telescoping connection. Only one set of 
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external oil connections is needed for the oil since the motos 
bearings are supplied from and drained into the gear case. 


Switchgear and control specially designed 

Like the 24,000-hp power delivering dynamometer and auxil- 
iary machines, the switchgear and control equipment required 
unusual departure from that normally supplied for ordinary 
synchronous motors and generators. Basically, the switchgear 
and control system had to: 


1. Utilize four 4600-kw, 5600-rpm, 3000-volt, unity power 
factor, three-phase, 93.3-cycle generators which originally 
had a different rating as destroyer escort vessel pro- 
pulsion generators and are used now to accelerate and 
drive one 24,000-hp, 3,000-volt, three-phase, 93.3-cycle 
power delivering dynamometer at a variable frequency 
up to 93.3 cycles maximum. 

. Provide means to utilize the output of these generators 
to supply 60-cycle energy for other purposes when the 
full capacity of the supply generators is in excess of the 
dynamometer requirements. 

. Provide a flexible arrangement so that expansion to in 
clude a second dynamometer was possible with a mini 
mum of additional switching equipment and without ex 
pensive equipment modifications. 

4. Provide switching scheme suitable for operation of any 

combination of the three loads simultaneously by energy 
supplied from any combination of generators. 


nN 


We 


Three bus scheme chosen 

The triple-bus scheme shown by the single line diagram, Fig- 
ure 8, was selected as the most satisfactory means to meet the 
basic requirements. The 3000-volt metal-clad switchgear is 
designed for the final installation of three complete three 
phase buses running throughout the length of the switchgear 
The initial installation is made with only two of these buses, 
one a 4000-amp, 93.3-cycle bus for the 24,000-hp dynamom- 





SQUARE, HOLLOW copper conductors of the 4,000-amp bus duct 


tleated 





are and painted black to reduce temperature rise. 
Duct extends from the switchgear to the 24,000-hp motor. (FIG. 9) 





eter, and the second a 3000-amp, 60-cycle bus for 60-cycle 
supply to a nearby municipal power system. Provision is in- 
cluded for the addition of a third bus for a possible future 
dynamometer. 

Each 4600-kw generator can be connected to the 24,000-hp 
dynamometer bus through a 1200-amp, 500,000-kva inter- 
rupting capacity vertical lift air blast circuit breaker. Three 
circuit breaker units are provided for each generator circuit 
for connection to any of the three main buses. These units 
are located side by side with only one removable circuit breaker 
element, which, when inserted into the appropriate structure, 
allows the generator to be connected to the desired bus. 

A special 42-inch wide metal-clad auxiliary unit at one end 
of the switchgear lineup encloses the dynamometer disconnect- 
ing and reversing switches. One additional circuit breaker 
unit is provided for connection to the dynamic breaking re- 
sistor for the 24,000-hp dynamometer. Three potential trans- 
former auxiliary units are necessary, one for each two gener- 
ators and one for the three sets of bus potential transformers. 


The air blast circuit breakers are rated 7.5 kv, 1200 amp, 
500 mva ic at: rated voltage. Since magnetic blow-out coils 
such as those commonly used with air magnetic breakers are 
not used, the variable operating frequency does not materially 
concern the effectiveness of these air blast breakers. Due to 
the high interrupting and momentary short circuit ampere re- 
quirements, 4.16-kv rated circuit breakers were too small so 
that 7.5-kv breakers were necessary. A special extra capacity 
air supply unit for circuit breaker operation is required to pro- 
vide the excessive number of operations normally encountered 
in a test facility of this type. 

Local testing of the circuit breakers at the individual circuit 
breaker units is made possible by mounting a close-trip push 
button station integral with the standard plug jumper device 
furnished as an accessory with the 3-kv switchgear. 

The dynamometer is disconnected from its switchgear bus 
by three spst, 4000-amp individually hook-stick operated 
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SIDE VIEW illustrates the main parts of the air blast circuit 
breaker unit. 
of the switchgear unit to 136)4 inches. 


High bus current requirements raised the height 
(FIGURE 10) 
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=? BUS COPPER of the 4,000-amp bus is set into special super- 
nis structures. Left end unit houses disconnecting switches and con- 
ire nects to the 24,000-hp dynamometer through the floor. (FIG. 11) 
ily FOUR FRONT PANELS (right) of the duplex control board con- 
: tain controls for each of the four generators. Motor, annuncia- 
tor and city tie panels are at the left end. (FIGURE 12) - - ee eye 





Indicating, metering, relaying and control devices for the 
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ting switches. Two additional switches are provided 
liary unit with positive mechanical interlocks to 
rt circuiting the bus by operational errors. 


frequency bus 


0 ampere connection between the switchgear and the 
eter consists of approximately 150 feet of metal en- 


s duct. TI 





1¢ bus duct is rated 5 kv, 4000 amp, 93.3 


is constructed to withstand mechanical stresses re- 


om a three-phase short circuit of 60,000 amperes 


All insulators are made of porcelain and are rated 
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;-inch square hollow ventilated copper tube 
1 for each phase and assembled in 18-foot lengths, 


ision for expansion at each 18-foot interval. An all 





re was required for non-magnetic construc- 

he large currents and special frequency in- 
ompletely insulated joints at each six-foot interval 
ig lateral circulating currents. Dust proof 
uined by felt gasketing throughout. Fig- 












ows a portion of this bus duct after final assembly. 





housings and also provide suitable provision for a 
in bus. Since the normal bus location is near the 

unit, this modification was made by increasing 
it from 92 inches to 13614 inches while 
g standard widths and depths. The dimensions and 
t of these bus housings are identical to the metal 





bus duct external to the switchgear except for such 


uils as covers. A cross-section sketch of a circuit 
indicating the bus arrangement is shown by 


shows the buses being installed by crane in their 
the circuit breaker units. 


ers Electrical Review * First Quarter, 1951 


f ing purposes. All five switches are mounted in a __ electrical system are mounted on a metal enclosed tunnel type 


duplex control board. All electrical operations are performed 
at this point except for several push button stations and other 
local control devices. Figure 12 shows the control board. 


Dual sets of voltmeters and synchroscopes for synchronizing 
of generators at approximately 25 cycles and at 60 cycles are 
included. All synchronizing equipment is designed-to be done 
manually. 5 

The original rotating type voltage regulators furnished 
with the generators for marine service were utilized. This 
consisted of the rotating generator element mounted integrally 
with the original motor-generator excitation set and the con- 
trol element and other devices which were dismounted from 
their original boards and relocated on the duplex control board. 
Some of the auxiliary resistors were located in the low voltage 
metal enclosed switchgear which houses the field circuit 
breakers for the four generators and the dynamometer. 


The regulator is designed to control the generator voltage 
as a function of the frequency and to hold approximately 
32.2 constant volts per cycle. For manual regulation, a manual- 
automatic transfer switch, an exciter field rheostat and a 
volts-per-cycle indicator connected to the dynamometer bus 
potential transformers are provided. 

In addition to the governor control switches for individual 
generators, three separate master governor control switches 
were furnished for the three main three-phase buses. These 
master switches are connected to act uniformly on all turbines 
driving generators connected to the respective buses. Operation 
of one individual governor control switch automatically com- 
mands control and relinquishes control only when this switch 
is returned to normal. 


Complications due to variable frequencies 


Due to the frequency range of operation, special care was 
necessary to preclude the use of any instrument, meter, or relay 
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beyond the frequency range of its design. Standard devices 
were utilized to the maximum extent possible but in some 
cases modifications or additional equipment became imperative. 


For synchronizing purposes, all three sets of bus potential 
transformer secondaries were connected together to form a 
running bus, and similarly connected generator potential trans- 
formers formed an incoming bus. By operation of bus and 
generator selector switches, the proper bus and the proper gen- 
erator to be synchronized can be applied to these incoming and 
running buses. 


Svnchronizing at 25 cycles introduced complications in that 
auxiliary step-uv transformers were necessary to boost the 
potential transformer secondary voltages to a value which fell 
within the range of operation of the synchroscope. These 
auxiliary potential transformers are disconnected through the 
use of an overvoltage relay to protect against the higher volt- 
ages resulting as the frequency increased uv to the 93.3-cycle 
(3000-volt) maximum. A second set of instruments with 
synchroscove are included for 60-cycle synchronizing. These 
are suitable for the full operating voltage up to 150 volts on 
the potential transformer secondaries. 


Protective relavs were in general not seriously affected by the 
frequency range. The instantaneous trip elements on the over- 
current relavs supplement the induction elements which were 
ineffective at lower freauencies. Generator and motor differ- 
ential. and thermal overload relays are of the standard types 


Most indicating instruments have a frequency range of 
abvroximately 15 to 125 cvcles which covers the freauency 
range of this anvlication. The svnchroscove phase shifting 
reactors were discarded and three-phase potential was apvlied 
to provide a wider frequency range for synchronizing purposes 


Protection against abnormal operation 


Protection for the motor during overation is provided by 
10-oh™ resistance temperature detectors imbedded in the stator 
coil slots. temperature relays that shut off the motor at a pre- 
determined bearing temperature, pedestal bearing temperature 
detectors for bearing temperature indication and recording and 
an oversveed switch that initiates a stop with dynamic braking 
if the dynamometer should be driven an overspeed by the 
equipment being tested. These devices as well as the pressure 
switches in the lubrication systems, interlocks on the auxiliary 
motor starters, a tachometer generator for speed indication 
and recording, hydrostatic bearing oil film contact switch, and 








gear bearing temperature detectors provide necessary protec- 
tion and operating control. All of them transmit respective 
signals to the switchgear and control equipment that control 
operation and record operating results. 

The relaying scheme is shown on the single line diagram. 
Each generator is provided with overcurrent relays with in- 
stantaneous attachments, differential protection, and a residual 
overcurrent relay which is connected to the 50/5 current trans- 
former in the neutral grounding resistor circuit. 

The 24,000-hp dynamometer circuit includes differential, 
thermal overload, and field failure protection. 

The dynamometer bearing temperature relays and the drive 
gear 16-point temperature recorder are each provided with 
high and Jow contacts. The low contacts are incorporated in 
the annunciator system while the high contacts initiate 
shut-down. 

The protective system differentiates between electrical and 
mechanical faults. Electrical faults cause general shut-down 
without the application of dynamic braking. Mechanical fault 
protective devices apply dynamic braking in addition to 
general shut-down. 

Auxiliary equipment and devices supplied with the major 
items of equipment includes a motor excitation motor-gener- 
ator set, tachometer generator, overspeed switch, and dynamic 
braking resistor. 

The excitation motor-generator set that supplies excitation 
to the dynamometer motor is of standard construction with a 
60-kw. 125-volt. 1750-rom compound wound dc generator 
driven by a 100-hv. 440-volt. three-phase, 60-cycle, 1750-rpm 
squirrel cage induction motor. 


The dynamic braking resistor, Figure 13, consists of 60 
boxes of grid resistors with proper resistance and heat dissi- 
pating capacity to absorb the energy of the rotating mass in 
the dvnamometer and the equipment being tested. It is 
capable of braking the system in one minute from maximum 
speed with the expected maximum amount of inertia that may 
be present in the equipment to be tested. 

Successful design and operation of the dynamometer and 
other specially designed equipment in the test facility repre- 
sents the results of cooperation and free exchange of ideas by 
the principals in an effort to solve an unprecedented problem. 
The accuracy of data obtained in this unusual installation pro- 
vides the assurance that turbo-iet aircraft engines will have the 
desirable performance characteristics. 
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| Minimizes the effect of dis- 


turbances caused by sudden load 
changes and fault conditions. 


2 Controls generator excita- 
tion so as to increase safe oper- 
ating limits. 


3 Provides proper division of 
reactive current between syn- 
chronous machines operating in 
parallel when a cross current 
compensator is applied. 


i Provides accurate, sensitive 
voltage control. 


5 Functions without hunting. 


& Provides high rate of excita- 
tion voltage response to restore 
voltage to normal as quickly as 
possible after a disturbance. 


7 Provides alternate manual 
control of excitation without dis- 
turbance of the existing excitation. 
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W HEN SELECTING generator voltage regulators for your power plant, con- 
sider these seven big advantages of new Regulex control. Rheasiaher 
that Regulex control gives you pin-point accuracy while improving service 
continuity by reducing outages for maintenance. You can use Regulex gener- 
ator voltage regulators on alternators, synchronous condensers and dc gener- 
ators. Call your A-C representative or write Allis-Chalmers, Milwaukee 1, 
Wisconsin for further Bi ico A-3298 


Regulex is an Allis-Chalmers trademark. 


ALLIS-CHALMERS © 


———, 



















Automatic Speed Control for Boiler Draft Fans 


the re- 
t fans operate at exactly 1 
poe speed for perfect combustion 
when Allis-Chalmers Type 257 Liqus 
Rheostats are used with wound —_ 
drive motors. They are — 
engineered to provide strai ' 
peed haracteristics . - - 
waite aan stepless speed control. 
Jectric, pneumatic OF 
peo Saas. Ask for leaflet 1487544. 
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O. ANNEX 


Easy to Clean 


Resists Corrosion 


H™ IS A NEW EXPLOSION-PROOF 
MOTOR that will solve many of 
your design problems. You can place it 
anywhere you please because it almost 
never needs cleaning or routine main- 
tenance. There are no corners, pockets 
or hidden air passages to collect dirt. 
Fan and housing design keep cooling 
air flow tight against the yoke so dirt 
does not accumulate. When cleaning is 
required, simply blow the dirt off the 
outside of the motor with an air hose. 


Pre-lubricated Bearings 
Bearings are pre-lubricated at the fac- 
tory and should need no attention for 
years, Extra rigidity of the cast iron 


Safety Circle, Texrope and Vari-Pitch ate Allis-Chalmers trademarks. 


ALLIS-CHALMERS 


frame holds bearings in alignment un- 
der all operating conditions. 


Corrosion Resistant 
Major external parts are of cast-iron 
with consequent inherent corrosion re- 
sistance of this familiar metal. No ex- 
tra treatment is required and cast-iron’s 
corrosion resistance won't chip off. 


Get All The Facts 
The new Safety Circle Type APZZ ex- 
plosion-proof motor is built in Nema 
standard frame sizes from 224* to 505. 
Call your nearest Allis-Chalmers Au- 
thorized Dealer or Sales Office or write 
Allis-Chalmers, Milwaukee 1, Wiscon- 
sin for Bulletin 51B6144. A-3342 


oe 


Applied... 
Serviced... 


by Allis-Chalmers Authorized Dealers, 
Certified Service Shops and Sales Offices 
throughout the country. 


CONTROL — Manual, 
magnetic and combina- 
tion starters; push but- 
ton stations and compo- 
nents for complete con- 
trol systems. 


TEXROPE — Belts in 
all sizes and sections, 
standard ond Vari- 
Pitch sheaves, speed 
changers. 


PUMPS — Integral 
motor and coupled 
types from %, in. 
to 72 in. discharge 





*Similar design non-ventilated 
motors, Type APKK, also available 
in frames 203 to 224 inclusive. 














